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Characterization of the immune genes in korean mandarin fish

Siniperca scherzeri infected with megalocytivirus

Ki-won Shin

Department of Aquatic Life Medicine, The Graduate school,
Pukyong National University

Abstract

Infectious| spleen and  kidney necrosis |virusISKNV), family Iridoviridae,
genus megalocytivirus 1S causative agent of provoking high mortality of
mandarin fish in China and have attracted more attention because of their
ecological and economic impacts on ‘wild and cultured fishes.

In this study korean:mandarin fish Siniperca “scherzeri which is same
Percichthyidae family with “chinese mandarin fish.-Siniperca chuatsi is used
to investigate the pathogenicity of ISKNV-like megalocytivirus, named
PGIV-1, isolated from pearl gourami in Korea after intraperitoneal challenge
with analysis of the changed immune genes expression.

Cumulative mortalities of S.scherzeri challenged with three different density
of PGIV-1 infected kidney of homogenates, 100ug fishfl, 10ug fishfl, 1ug
fish ' were calculated. No mortality is observed in challenged group with
the lowest PGIV-1 density, lug fish' over 30 days as the control group
injected with PBS. However, other two challenged groups, density of

PGIV-1 100ug fish ' and 10ug fish ' showed 100% mortality.



For cloning of immune genes, degenerated primer sets were designed after
alignment with the corresponding genes of chinese mandarin fish for PCR
amplification. After cloning of the target genes, amino acid sequences were
also deduced and compared with

those in S.chuatsi from china to determine the identity with each other.
Real-time PCR is performed to measure the expression level of the immune
genes in S.scherzeri after various times of PGIV-1 challenge.

Expression of interleukin 8, IRF1, viperin and Mx genes were up-regulated
significantly, which is contrast-to—the-expression of IRF2 and IRF7 genes

showing consistent expression.



genus megalocytivirus®| 3= ©]g] Z=nloly
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Iridoviridea family

e FH AAAE o

=

AL T
G "o g #Ael FFHa o, O FH OES AEHHoR
oy JvH(Fu et al, 2010). A= 59 HAE thdste] red

sea bream Pagrus. -major(Inouye et al,1992), rock bream Oplegnathus
fasciatus(Jung et al, 2000), sea bass Lateolabrax sp.(Jung et al.,
1997) S& X &vte]l  # olye}l  tilapia. Oreochromis
niloticus(Mcgrogan et al, 1998), african lampeye Aplocheilichthys
normani(Sudthongkong et al, 2001), dwarf gourami Colisa lalia
(Sudthongkong et al, 2001) & BT dAlx ohFstA BHasa 9l
Infectious spleen and kidney nercosis virus(ISKNV)+ Iridoviridea
family, 9] genus-megalocytovirus® FF%H 3 B olg mrloly A F
stybel™  (Chinchar et al,” 2005), &= mandarin fish Siniperca
chuatsi o 79 2 4% #AREo] =/ YEFY mandarin fishe] %29
2 Y3 E F= dAdAoltHHe et al., 2002). Mandarin fish S.chuatsi %
REookyE thekd HeEojel Tlgool A & 18 T2l ISKNV-like
viruses #=°] Ha¥H v} 7} 3 (Nakajima & Kurita, 2005), = E
+ HTmolA dmoer FYEe deddold H S Trichogaster
leeri 1A% ISKNV-like virus(PGIV-1)¢] ZHZEo] ®a ® wul 9l
(Jeong et al., 2008).

L-gyetel] AMAstE= &7Fe] Siniperca scherzeri= =% mandarin
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FHAolel FH Febu] T leeridl A B E ISKNV-like  virus¢l

PGIV-1(Jeong et al, 2008)& <% #HAAA 2 #d 7FeAds &3t

uA sk e vlo]ly 20 FRE gEdte] Q9 AAANI F TE

A2 Yehus #AbE Y] Aol S EA skl skl

of wely 27 HYstAE W HExE yehve o7z A
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o

st=Hl(Borre Robertsen, 2006), ©l#g QIE#H &2 A= o) 1}
Elu = & vlold 24 F A ISGse A A7HA] EZAf-Foll A7 200714
ol ZH77F A Jdt(Der et al, 1998 ; Welsh and Sen, 1997).

B2 ISGs oA 2R JAHHAEY] vg7 = 2gete v, old F

FE Fgntolgl A LS vt Baw vk vk ey giiEe 4
d o] FolAwk 1 g i HuEYS ¥ AH R o {2 ISGs

of et ARIF FFHe AAHo|H(Verrier et al, 2011; Volff, 2005).
AEFolFol A A ISGsell+= viral hemorrhagic septicemia (VHS)ol
7" FEXHEo] o Oncorynchus  mykiss(Boudinot et al, 1999;
O'Farrell et al;, 2002)2} mandarin fish Siniperca scherzeriol~ =1 4t
3 o] H %7 vigl/viperin(Chen et al, 2010)3} F-AEoE HFE3
olg] ZAZo]FoA wastE= Mx protein(Trobridge and Leong, 1995),
poly L:C stimulation HE+= HFo|Z o] ==AFS 49 22 atlantic
cod®} mandarin fisholl A 1 ¥&o] H 3% interferon regulatory factor
family o] . th3E 4 o] thH(Rise. et al, 2008; Sun et al, 2007). 2+ ISGs?)
54& 11ds] 7]k IRF familye] 45 IHAES A5 dgdy 7t
of ¥#ofstar, vipering} Mx proteine “AlEU oA EH| 7 ¥ = 8 H)
ol =4 wuldolr}, o]gt el AHFZ 89 A¢ HFEFEY H 50
Hefnkgo]  #ost=dH, IFTE ASTAE
pro—inflammatory chemokine® & w}o]&]{2 Alit ¥ TNF-a T+ <lH
FZ1 1B o8] waE o] Fristtiar e A A th(Abdelkhalek et al,
2009).

2

ISGsoll 43+ IRF family, viperin, Mx protein¥} H] 50|24 W o 3

oshe AHFY 8 T YT Aol Aolrk AAw vpolel 2 7
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1. 439

iAoz AZs Kol 13dA &7V Siniperca scherzeri X o] (o] A
T 76+3g)5 25726TC 29 028 FXox] dFd ol &=XA H
PS

990l AHgettk Hel s stol @l azkel Ao 1nke 7k 172wk o

7] AojE A4 de e FAL, =AE A7 A= 2¥

2. "tolgl & ¥4 A9
2-1. vlo] g &

npolg 2= A FEbv]  Trichogaster leeriol A #28l® ISKNV-like
strain® PGIV-1(Jeong et al., 2003)S AF&3Fth PGIV-19] 74 5 o]



A EHAEI(CPE)7F YERY cell lined] A AMS oJAF 16717gH = 5
= &7 54 FARR QS FAAA HARRE dAA Y] A 24S
HEsto]l 2 A sAL A ARSI FHAMAOl A o] 2] mHlo]

o5 &lst7] flal ol =nfelg{ o] MCPF-#lolA A3k 5ol

AQl o]l (Table )& AF&3tel PCRe AAlet, 1 SFHAES A

PGIV-1 #¥ #AAAIZRY A& A2 A&7 dA7bA -80T

(Thermo scientific FORMA 900 series, USA)°l| X #3}¢]t}.

2-2. Viral DNA¢ &g

ojg]mrlel B FAEQ S Adl] &7k el W B A FH A A ol
Lrtol ) £ 9] viral DNAE #2383tk Viral DNAS 2o+ A4
o % A5 DNessy” Blood & Tissue Kit(QIAZEN)S AH-g3le] A
AL A A Aol met EElE AAsHALelution Al A HF
volume©] 5007} %3 total nucleic acidS #Tlste] A8 A7bA] -2

0ColA BT,

2-3. PCR(Polymerase chain reaction)% %

L

Aol kAl &7bE] X[ ool A 9] o]gEntole] 9] QA 2 of Fof
giste] gdstr] fal o]l knlolg]~9] ORF-2 F-9loA] Seolxo=
A2k Lol E o] 83}o] Primary PCR ¥ Nested PCRS A A543



o

= B
whol#] 2ol MCP 39104 Al45 Zejolw & Algato] PCRE ALA

A A% 5 wAw AxA olgEulole] s 7hel sl

rr
o
ki

ol
-

9 tH(Table 1).

2-3-1. Primary PCR %

PCR <% Dyad Disciple peltier Thermal Cycler(Bio-RAD, USA)E
Abg-3te] AT Primary PCRS 0.2m0 wlolZ 2% B 05 pul 9
genomic DNA, 10 mM Tris - HCl (pH 83), 50 mM KCI, 1.5mM
MgCls, 0.001%(w/v) gelatiny 0.5%Tween-20, dNTP Z+2} 200uM, 1uM
©] primary PCR Z#&o]w(Table D7F 7tz E¥EH AL, 1.2509
AmpliTag"DNA Polymerase(Perkin=Elmer, Norwalk, CT, USA)7} ¥ 3%
¥ reaction mixture S50l=E 7= o2 A #slA T PCR condition® = +=
initial denaturation 43S 95°Col A 3% 7 X1, denaturation A&
94T o4 30%, annealing &4 -S 55°CollA-30%, 18] a1 72°Col| A30x
b extension FAG7MA] leycle® ool F 30cycles =¥ §, final
extension A& T72°ColA 7TEZF AT PCR & TF AEe

05%TAE buffer(40 mM Tris-acetate, 1 mM EDTA)E H7]9% S 9

o

FogkFdlog AS3le] 05ug/ul EtBr (Ethidium Bromide)o]l %71
1% agarose gel(Agarose-Molecular Biology grade, Invitrogen, USA)%t
oA 7] 9E3 F  gel documentation system(Alphalmager”HP,
Multilmager® I, Alpha Innotech)S ©]€3le], H7|d% Aor AZEH

+ band®] Zol& gl



2-3-2. Nested PCR &
Nested PCR F%*° 7 primary PCR 3% tt& 0545 Fshed,
template 2. 2= A}E3l3 o] 7)o Eo)lH o ATNEEE A2 ELigo]n

E A}&83 A

= A

o
%
offt
ey
Ol
ol
>

>
>,
32

S A9 stalE primary PCR 5% 3}
o FZH AES 1% agarose gel AV|AES FI A,

primary PCRe] &% AtE3 Fd3 wiiog #Azs
2-4. FArA 9] Z)

27k Fojol - ol Eupel g AE MIATA A7I7Z) AT FAAS
PGIV-1& 57 FAbske] 19zt ARl &7tg o] A3 =35 o] &3}
of AztskAtk. PGIV=lel zZHd = o] #ALsE 227tejol A Ags A=%
% phosphate buffered saline(PBS, 0.1M, pH7.2)¢} 4] 1.5m¢ vlo]=
FHol| Y. pestle(Sigma-Aldrich, USA)S o]&3 23t 3 F
3000xgell Al 5 EoF( AR ST (Al EE S A A2 0.45m
membranes ©]-83te] Y HatskAaL b0uH EFske] AR&sty] A7t

Z] =80T (Thermo scientific FORMA 900 series, USA)ol| A B %3} ).

2-5. 33 43
2-5-1. W gAY BE WF SHL AT FF A7

olg]mnfol e o FHAE A e xybE Ao 30mgel oA @



PGIV-1 7+ A AZA 1mgs B7FAF 8 H(lmg fish ™), 8088 =9
Sl HA FS 25726CE AP, 3= 4 7 50 s A A

ATk xR EE &7 # ol phosphate buffered saline (PBS;

0.M, pH7.2)% 01mt¥ 273 FAE AL A4Lh7, F2 2 F9 =

A2 BUSA Ak A% BAY 279 AW P 47 olputy 3l
o,
2-5-2. wrolgx FEM FAAAE 542 A% 34 4F

fish?, 1pg fish'e] Fom B FAlelqdrh 18549z 27tE] xo] 10w}
g A FeYQT, Fx F 5L 2ALS 99 =Y A Fojyt. A

TAE FAIAEE viral DNAE 83 5 PCR 5% & 3o bandEs
510

i
i)
o,
™
09:,"
i
rlr
offl
r o
=2
)
rol
Sy

< #HAAE WY FREAL, FAALA
2HE A3 bZS 223§ viral DNAS #2353t o] g =nfo]

2129 o= PCR %5 &3 st



(A) (B)

M1 234565678 9 M12345b67%782310

1Eb
500b

Fig 1. PCR to the total DNA from korean mandarin fish Siniperca
scherzeri used in. this study as healthy fish with the primer sets
specific to “ORF=2 gene of PGIV-1. (A) Primary PCR with
KE1F/KE1R and (B) Nested PCR with KE2F/KE2R. Iridovirus positive
control(Lanes 9, 10); M:100bp ladder

_10_



. Oligonucleotide
Genomic __ . Expected .
. Primers sequence X Object Reference
region ) : size
(5' to 3' direction)

KE1IF AAATGGCTCTTTGGAGTGIC

939bp !
Detection of
KE1R AATCCATCGGTATTATG . " L
iridovirus in Jeong et al.
ORF-2 I
live (2003)
KE2F GGGTCGCCTGGTATGTAC J
54h S.scherzeri
p

KEZR  CATCGAGGCACTCTTCGC

Detection of
M5F CTGCGCATGCCAATCATC - . .
iridovirus in

MCP In this study

M5R  GCGATGGAGACCCACTTG dead
S.scherzeri

Table 1. Primers used in this study.
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4. MG HAR BA

4-1. vloldE] 2 FZF F 0, 1, 4, 1094 A5AFH AA

PGIV-1 37 48% @& 5 09, 194, 404, 1094 Aj#a4
o waFe 247 99 ARAAT A vleld s FHa7)

A AMAE 3k AEAHFH st 04 AsE dAsia, 1, 4, 109
Aol = PGIV-1 FA-1%3 PBSE 27 FAkek vlz ol A 22k 3vtg]
A ANEE AFH At AEAH H AE MS-222 200ppmell Al 71
N7, A%, wR, 22 A7 Bdskgich BeE A,

RANlater™ (RNA Stabilization Reagent, QIAGEN, Germany)ol| 4Tl
1¢, -20Col 19 s9h WheAIZ A ARSsh7] Ad7hA] 80T ol Hatshsl

=

4-2. Total RNA £3g

RANlater™ (RNA Stabilization Reagent, QIAZEN)o| A Al& 27}
Hagd A4 259 A%, v, tes FE total RNAS 2837 9

3 Aoz AFHE= RNeasy® Mini Kit(QIAGEN, Germany)Z& A&

ZF 717 Eo9jd= 1.5ml vFol A2 FH o] B-mercaptoethanolo] X 3HE

Lysis bufferE % i1, pestle(Sigma-Aldrich, USA)S o] &3] #23} A

_12_



o
7 ve, 499 A

oL
2
=

w2} B2 al, FF elution volumee

20730pt0] ¥ E== sl

4-3. RT-PCR 4 A|

:
i)
s

Ba]3 total RNAZRE cDNAZ §Aal7] 98] Az oz Ax

SuperScriptTM II Reverse Transcriptase(invitrogen, USA)S A}-&-3}4

NS
N

RT-PCRE AAlsto 02m¢ vwlo] A2 /{ Bl total RNA 1pug,

10mM 559 dNTs 1, random Xz}o]w 1ul, DEPC waterS 4 i,

r

5]

N

65Coll A 5&3F $5X First=Strand Buffer 4x0,°0.1M DTT 2
WE Wi, 25ToA 277 ¥ AT FHFH o2 SuperScriptM 11

Reverse Transcriptase(invitrogen, USA) 055 Y i, 42ColA 50,

R

75CAA 1623 RESAIZL =, AF8-817] A71A] -20CAA Hast3 o

4-4. 24

4-4-1. Degenerated Zgo]® Az 2L PCR %

2rpelol A Tdshs HgFdAE 298] #él Gene bankel &=
T o] 9l mandarin fish Siniperca chuatsi®l HAFHAAe] AA E=

F& ORF %$(Table 2)Z4% ¥ degenerated Zz}o]™WE #|2F3slar, PCR
< AAsA HH(Table 3).

PCRS &3 534 AES A7) 9&3o] bandE &<, 1 band

_13_



£ etz #8l elution 8-S AF T Elutiond Aol A Aoz A
5 = Expin Gel SV(Gene All, South Korea)& AF&3t3 1, Bl 4

94 Aol wel WA s

4-4-2. & w839 23

Degenerated Zgto|M & A#ste] PCR +3%3 ¥ ST3Xd AES
elution ¥ sequencing= 3F$1t}. Sequencing % DNA 7|4 de] o]
7} Real-times 9|3t Zetoln] Ao FiEstA 4249 RACE-PCR
S AAd¢ Y RACE-PCRolE  CapFishing' Full-length cDNA
Premix Kit(Seegene, USA)E AF&stAth &A4 e mel Zaholw
(Table 3)E Al#t3t ¥ RACE-PCRS A A|slil, 1 A& 2 elutiondt ¥

A4 Ax4o= AFsqch

Ho

segeuncingdltail A xle] &

_14_



Amino GeneBnak

Immune genes acid Source accession no. Reference
IRF1 301 S.chuatsit AAV65042.1 Sun et al.(2007)
IRF2 291 ABJ09546.1 Sun et al.(2006)
IRF7 433 AAV65045.1 Sun et al.(2007)

Mx protein 626 AAQ91382.1 Unpublished
IL—8 118 AAY79282.2 Unpublished
Beta actin 176 AAWT77932.1 Unpublished
GAPDH 335 ADH 43627 Unpublished
13s rRNA 106 AAY79230.1 Unpublished
Viperin 347 S.scherzeri ABO48456.1 Unpublished

Table 2. Complete or partial~ORF—sequences of immune genes
express in mandarin fish Siniperca chuatsi for designing degenerated
primers to analysis partial genome sequences of korean mandarin

fish Siniperca scherzeri

_15_



Oligonucleotide
Immune

Primers sequence Object Reference
genes . .
(5' to 3' direction)
KmIRF 1F AATGGGCCATCCACACA
IRF1 Cloning

KmIRF 1R TTCACTCCACTGGCTCECTG
KmIRF 2F CTGGGACCTGGAGAAAGATG
IRF2 KmIRF 2R CCCGGTCCCATGTAACTAAC
IRF2—-3GSP GCTCCGCTCTTCATGAGATGGG - 3' RACE

Cloning

KmIRF 7F ATTCCGGGCATGGGCAGTAG In this
IRF7 Cloning
KmIRF7R GGCAGCTTTCTTGGGTCT strudy
KmMx F ACGGCCTTCACTCAGGATGC
Mx protein Cloning
KmMx R GGTATGCTCGGGCCTTCA
KmB 1E CCACAGCCGAGAGGGAAATC
Cloning
Beta actin KmB 1R TGGAAGGTGGACAGAGAG

Ba—3GSP+. CTGGACTTCGAGCAGGAGATGG  3' RACE

Table 3. Primers used for cloning of immune genes express in Kkorean

mandarin fish(Siniperca scherzeri).
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5. W F AR LAF B4

5-1. Z&olH Az}

PCRZZ 4 RACE-PCROIA A& 27lale] Wl gaxie] BE &7z
H-¥ Real-time PCRE& Zglolw AEES A3t Zelolw AE

A 2kl == Primer express 3.0 2135 A& 3 tH(Table 4).

5-2. A FHAY AAN FHA FZF(Real-time PCR) A

0, 1, 4, 1084l Z+7 3ut ¥ Al AMFSE 27F2] o] A&, v, Tt
A total RNAE #2lstal, o]& o] &3] cDNAE skl Ao FdAt
g =AHS 93 real-time PCR %9 template® & AF&3IT}.

Real-time PCR . ZZd|E QuantiTect” SYBR® Green PCR Kit}

7500 Real time PCR-System (Applied Biosystem; USA)S A}-8-3}3 )

=

%=  volume 25409 mixtureol= HotStarTag®DNA  polymerase,
QuantiTect SYBR Green PCR buffer(Tris-Cl, KCl, (NH4)>SO4, 5mM

MgCls, pHS.7), dNTP mix, SYBR Green 1 dye, 10pmol 322}l ¥ (Table

I

) Z+ZF 1ub, 1pge] cDNA, DEPC water7} ¥3t% 21l Real-time PCR
=22 Holding stageolA 95T, 10&7F w83 Zo] 95T A 15%, 5

5CellA 156%, 72T, 33%7F w3

-/
22

i, °o]= 40cycles W®HE3FAT]

Melting curve stage™= 95Col A 15%, 60CA 1%, 95CA 30%, 6

_17_



0ColA 15x= AA3FY melting curveES 43t Real-time PCR
13] &3 A 96well PCR platecll = 0, 1, 4, 1042 A3 s A5 cDNA
7F 1789 platedoll E5F EdH =5 HAsla, A 2 Ar)d
2 plateE TEA A real-time PCRE 2 AlstAtt. zH# 3 2712 3vf
glo] glelA 27t FAR 3719 cDNAE 1% dojule] A3 4
2 o5, 2R real-time PCR °| A}-8% templateS = A}F-8-3F% T o
Z72 PGIV-1 253 s4sHAl A543 5 E real-time PCR <

i) _(:5]_

4
2

t}. Internal control XA} sk 727 WA {2 mRNAS] “dd
&

2
i3

S ARtz st 0dAl Als AF S 2UkE] aES
reference sample® A Asta 22 method2 A}&3ko) dolg <

A& g

5-2-1. Internal control A2l 23

AdutA o7 Je] - ARE-E = endogenous.geneSS H ndtal, E oo
AR §AAE AAS 798k mandarin fish®]  Glyceraldehyde
3-phosphate dehydrogenase(GAPDH), 13sRNA , beta actin® %A=
FE ZglolHE A #3Eo], real-time PCRS A Alstth Zato]m A%}
o &= primer express 3.0& AF-&32tH(Table 4).

Real-time PCR T*%A] template 2% 2712 X 2] LiverolA 2]
gk total RNAE AF&-3te] 33k cDNAE AFE-3% T Real-time PCR

condition 9ol 7|3 A FAsA A AT
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Oligonucleotide

Immune .
Primers sequence Source Reference
gene . .
(5' to 3' direction)
RT—-IRF1 F CAGAGCAGCAAGATTTCCCATT
IRF1
RT—-IRF1 R CCCCGATCTCAACTGACAAAG
RT—-IRF2 F TGAAGTGACCACAGAGAACGAAGA
IRF2
RT—-IRF2 R GAAGACACGGGAGAGATTTGGA
RT—IRF7 F CTGACAAGGCCAGGTGGAA
IRF7
RT—-IRF7.-R TTCTATCATCTTGAAGCGCACGTA
Mx RT-Mx F AGATCCCACTGGTGATCCGCTAC
protein RT-Mx R AAGCACCTGOATCATCTCCC
RT-IL8 F TGGAGATTGTTGTCACCCTAAAGA In this
IL-8 S.scherzeri
strudy

RT-IL8 R " GAGGTTTTCTGTTTGATGATGTTAGC

RT—=Vip ‘F TCCAGTGTCTGCTGATTGACG
Viperin
RT—=Vip R ATGACGAACCTCTCTGCCTCTC
RT—actin F GETCCATCCTGGCCTCTCTGT
Beta actin
RT—actin R GGGCCGGACTCATCGTACTC
RT—-GAP F CCTCCTGCACCACCAACTG
GAPDH
RT—-GAP R GAGCCTCCTCAATGCCAAAG
RT-13S F CCCTCTCAGATTGGTGTGATTC
13S rRNA
RT—-13S R AGGATCTTGTTGCCAGTGACG

Table 4. Primers used for real-time PCR to analysis the relative

Immune genes expression level.
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6. BA%H 24

Real-time PCR T%& &3] 4%

¢
fn)

JolE] ZF-E 27T methodZ o]
&oto] W42 mRNAS] i3 Sd=FsS =38t o3, 72 Aol A
e gEo) zpolo] tigh faAd

AlelRh B4 2 a3 = SPSS(Statistical Package for the Social

L

o

=837l Y8l FAEH 2A4s A
Sciences)Z AF&3tth. PBS¢ PGIV-1E E7 FA43 1E7H9] dH) o]
g Afolo gt faAd FHE AT Ttests AR, AEAH
Al 718 "ol FAo)+= Duncan’s multiple range testoll 2|3t one-way

ANOVA W4<& AL&319th. dol8 gel Aol7t fra® 4 $-(P<005)
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1. ol@lEutol 2 Zhdl o FHAAEY 2F

olewutolel 2 B W mshelo] FAALLE Aol E otns]

ol
—
=
=
—
(@)
)
=
Al
s
D
=
o2
—
=
(0}
lo
1,
(@)
P—
<
p_A
i)
2
BN
iy
ftlo
o
=)
R
ol
B
Jz
o
N
Y
>
ol
s

A7} dE) Aabe] 1397149 A Al dlilol 60 %ol Ao
e AL, 1797199 A == A7) 00 % ALk th(Fig2).

PGIV-1 ddxde] e welstel B4 FAAS u 4 dArgol

O

2
e

ol Wb A=A detryl fls) whdk PGIV-1 x2S 747
of A & 100ug, 10ug, 1pge] Y22 FUHEE PBSE o] &3] oAl g4
g 5 &7t Aol 10vke el B4 FAbetsih @A MR gz wt

H A A viral DNAZS £ 3 5 PCR % (Table )& 3t d7] 9%
oAl YEY= s ZolE Soto g 22l th(Fig 3).
V-

oA ¥ 100459t 1048 PGIV-1 4A24S B FA4% 2FT9 2
F oAl 91 mesl FPxAS BY FAR Agen A8 7Y F



1 r
L, 100 % #HALel =&eb7]|7hA] AQE = Algto]l o S ARt

EG oA P PGIV-1 #92H 10 B3 FAG AYT 4% ol
ue PGIV-1 24 el ol 10W) WL oA ¥ 100peS B4 FAS
AFE v A o AA8 vEtE Ae B @ F Ak 7

4 He % oA I 1ugel PGIV-1 #AAxZ S B7F FA3 Ae o]
AR gl 27 FLsHAl 30901 H A YERYA]
e AS TS 7 AAHFig 4

Hho] g 2o f o) gh HALo] B 218} 7] sho] HARSE &7k Ao A
23t v HE3slol) viral DNAS £83 5 PCRS AA&Ax
PGIV-19] #9o s #HAe AS A7|9E oA & & & AN

o,

o,
o
-
o8}
P!
il
Iz
o
N
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100

[}
o

<O+ PGIV-1(Duplicate)
—¥— Control

B =2}
o o

Cumulative mortality(%)
N

0 10 20 30
Day
Fig 2. Cumulative mortality of  koréan mandarin fish juvenile

Siniperca scherzeri after-i.p injected with homogenate of PGIV-1
infected kidney(lmg fish ).

@®, O:PGIV-1 challanged groups(Duplicated); ¥:Control group

_23_



500bp

Fig 3. 1.5% agarose gel eletrophoresis of 3 different
density of PGIV-1 infected kidney homogenate.

Lane 1: 1mg m¢ ;Lane™2: 100ug ml Lane 3: 10ug ml ';Lane
4. Positive econtrol;Lane 5: Negative .control  ;Lane M:
100bp DNA ladder
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100 ——e—— PGIV-1(1mg/ml) oo
....... Q:eeeeee PGIV-1(0.1mg/ml)
———%-—— PGIV-1(0.01mg/ml)
Control

80

60

40

20

Cumulative mortality(%)

Day

Fig 4. Cumulative mortalities in '8 different groups 1.p injected
with 3 different densities of PGIV-1 infected kidney homogenate.
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2. 27184 T3} BYFHAY E2Y

mandarin fish Siniperca chuatsi® HAAHFHA=Fe] RE T= A
cDNA 71X EE ntego= 27t oA Wdsts WFHaAe Fai
cDNAE 24 3t A9 /1xE F2937] 98] mandarin fishol

A YEY= Interferon regulatory factor 1(IRF1), Interferon regulatory
factor 2(IRF2), Interferon regulatory factor 7(IRF7), Interferon induced
protein®] Mx protein®] cDNA 37144825 H degenerated Zz}o]H =
AZste] PCRE A3t Attt PCR 5% % d719% oA bandEg
©13}a, 1 bandE elutions}e] direct sequencingS 4 A] &3t} Direct
sequencing /A Y+ blasting= &3l T WG F A7 =2 FA3A
t}. Blasting &3 &lo] ® 27219 WS /A= real-time PCRel
ALE & x ol E A Zst= A8 al, 1 5 Interferon ragulatory
factor 2= 'RACE-PCR#A S Axl 5 A cDNA #7114 LD& A&
real-time& Zglo] ™ E A z}3} 9Tt

F29s 27t MY FH2ke] cDNAS] Aol 27t IRF1o] 267bp,
IRF2 579bp, IRF7 831bp, Mx protein 201bpith. & =24d ¥ cDNA 97]
] E 2 GeneBankell 27129 F-i cDNAZ Zt7} 5 =38 tH(Table 5).
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Table 5. Accession numbers of registered partial genomes of immune

genes express in korean mandarin fish S.scherzeri.

Immune genes Amino acid GeneBnak Accession No. Organism
IRF1 89 JN859505
IRE2 193 JN859506
IRF7 276 JN859507 S.scherzeri
Mx protein 66 JN859508
Beta actin 3., IN859504
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3. 27k A] BAHE AGRARY BE obvlm=y
A 54

2 7}e] S.scherzeriol A W& ¥ += IRF1, IRF2, IRF7, Mx proteing &

293% H oimx=dt M AAs. 24d 27k W[t

s

ofu| =ik A d-2 mandarin fish S.cuatsi®] Z 3} vlusie] 1 Zols &
Al 5} tH(Fig 5).

27t oA @& ¥ = IRFI-> mandarin fisholl A 2d == IRF19 153
HA B 261 H A L] ofm| Ak AR SFATE 1 FollA] 27te] 9 ofn|x
2F2 mandarin fish®] 1587130 A, 176 A o}n| =4k} 2fo] 7} )
IRF2+= mandarin fishe] 176914, 2378 %] 2] ofn| =4k AdS A <]t
467238 A ofm] := k¥t 9 X 5F o, IRF7+= mandarin fish®] | 307306% A
obn] 14k AX T SR WHYFARE T 2vkele Ay TP
22 2ol & E =, mandarin fish® 357399 A, 2119 A, 3007305
A opn] Ak Ao A zol 7 vEFE YL Mx protein®] 74-$- mandarin
fish©] 5447610 A 7FA]e] okm|=AkbA] d Tl X] A vk 545% 7 o] o} m]
kol &7te]o M &= AtAlE A dFE AL, 27 547, 577, 608 609H A
ofr] =4k} 2ol & HGATH
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IRF1

8.
8.

8.
8.

scherzeri
chuatsi

Scherzeri
chuatsi

IRF2

5.
5.

scherzeri
chuatsi

.Scherzeri
.chuatsi

.Scherzeri
.chuatsi

.Scherzeri
.chuatsi

IRF7

s.
s.

Scherzeri
chuatsi

.Scherzeri
.chuatsi

.Scherzeri
.chuatsi

.8cherzeri
.chuatsi

.Scherzeri
.chuatsi

153

213

46

106

166

226

30

90

150

210

270

GSTPCASLSTQENTVDSTVHTE OQDFPFVAPSDVPDWSLSVEIGAESLLNNICHRFEVSE
GSMPEDTLSTQENTVD STVHTEHQDFPFVAPSDVPDWSLSVEIGAESLLNNICHRFEVSP

EHSPDHDYTDDIIQICQQLEKD SHWMSSS
EHSPDHDYTDDIIQICQQLEKDSHWMSSS 241

WDLEKDAPLEMRWAIHTGKYQPGTDRPDPRTWKANFRCAMNSLPDIEEVKDKSIKKGTNA
WDLEKDAPLFMRWAIHTGKYQPGIDRPD PRTWKANFRCAMNSLPDIEEVKDKSIKKGTNA

FRVYFMLSSSERSMKKGKKKTDKEGRPKGNREVA SPSPDRTPSDAPVGPIDE TKQEVIKQ
FRVYFMLSSSERSMKKGKKKTDKEGRPKGNREVA SPSPDRTPSDAPVGPIDE TKQEVIKQ

ETVELTVMDSASAIHS SVEDHVITSEQLPEVCQT IEVITENEEQTVSSSHSYPLQISPVS
ETVELTVMDNASAIHS SVEDHVITSEQLPEVCQT IEVITENEEQTVSSSHSYPLQISPVS

SCCGETTHTIC SHT
SCCGETTHTHAHT 238

FRVOWSTLPERL. TEEDSKIFRAWAVASGKINEF PTDKARWKTNFRCALNNL YVRFKMIE
FRVPWKHNSRKDCNEEDSKIFRAWAVASGKINEF PTDKARWKTNFRCALNNLYVRFKMIE

DNSKENSDDPHKIYEIINTEYNYECQPTQDSQEDSKMAPDI YRNIECFPSGNEHNLLNNFM
DNSKENSDDPHKIYEIINTEYNYECQPTQDSQEDSKMAPDI YRNIECFPSGNEHNLLNNEFM

ALDLGNHPSEEQPWAENFGQHKSAVFES YPLAAEDHPQLLPDQTSY YEVNPQPVLSSPLQ
ALDLGNHPSEEQPWAENFGQHKSAVFES YPLAAEDHPQLLPDQTSY YEVNPQPVLSSPLQ

PEIYDLEISIHYRKRQMIKTTLHTARLOLHYLLEAPELSAHHICFPSTDGLLDHKQIDFT
PCIYDLEISIHYRKRQMLKTTLHTARLOLHYLLEAPELSAHHICFPSTDGLLDHRKQVDET

NRVLNSIQKGLLLEVRETGIYAWRQDRCHV. P
NRVLNSIQKGLLLEVRETGIYAWRQDRCHVFASTSDP 306

Fig 5. Continued
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Mx

$.Scherzeri M’ BFKSYYK' ASQRLADQTPLVIRYQMLOESAVQLHREMMQVLQDKENLEFLLKEDSDIG
S.chuatsi 544 MLHLKSYYKIASQRLADQIPLVIRYQMLQESASQLHREMMQVIQDKENLEFLLKEDSDIG 603

8.scherzeri SKRAA
8. chuatsi 604 SKRAALQ 610

Fig 5. Deduced ISGs amino acid sequences in korean mandarin fish
Siniperca scherzeri and chinese mandarin fish Siniperca chuatsi.
Different amino acids in korean mandarin fish are marked with grey
color.
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4. Intermal control A A< A A

2zt WfdAe] Aud 2dFe AEsk7] f18ke]  endogenous
genes 43l th. Housekeeping genes s °lA  beta-actin, GAPDH,
13S ribosomal RNAE A®s3a, o5 F stuE dEstr] 9sto
mandarin fish®] beta-actin, GAPDH, 13S ribosomal RNA 7}
(Table 2)®=%-E] real-time§ Zz}o]w A|E(Tabled)E AZetal, o=
o] &3te] 27128 ¢l beta-actin, GAPDH,-13S ribosomal RNA A&
AAzte s TF3te O FEAS SASAH

A &7kl Fe 2R H 223k total RNAE ©] &3] cDNAE &
st 5 o]AL template & AFR5ES] 2 priemrs. HE 3¢ HlE S o]
real-time PCRS 2 A ghE}.

Real-time PCR3% A3} Crgkel [ZL7]7F beta-actin, 13S' ribosomal
RNA, GAPDH <Az =AHAvh Beta—actin® @& o] 18cyclest-E
AL WA ERGI,  GAPDH7F 24 cyclest-H o] YER
Peal-time PCR ®}A| 2 ©HAlo]l A melting point=S4dste] #|2t¢ =gt
ofmeol o]4el fl& Atk

Cr # % melting curve, 39 ¥HE-3F A5 Alo] 9] variation 5o 3L¥3s}h

O

o
Jﬂ

Oll
_‘_4

o] HFH o2 A4 intermal control gene® Z beta-acting 41 €3}

th(Fig 6).
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(a)

Amplification Plot

s o "o we - w P s o e s s ) - 5 e =
- et o0 e
Torgsstae £3 Temgershan () T

Fig 6. Determination of internal control for analysis of relative
immune gene expression in S.scherzeri . (A) Amplification plots of
three internal control genes. (B) Melting curves of each

endogenous genes.
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5-1. 2718 A9 FAXA¢ basal level

olg]mufole ol AT Ao &bl M= A oR o A9

" fA47t wd

_l&
i
2
ies
rlr
R
i
1o
o
3
s
N
1o
ol
bx
N
.l
L)
o
>
ol
)
ol
=

oA total RNAS #2]3}o] cDNAZA T t}e real-time PCRS 2 A
3tal, normal &7+2] 9] HAFAAF CrgkZinternal control Crgke] o]
2l ACr #& AtEdte] W pdate] Hd A=5 FAHE v wsdnt
(Table 6, Fig'7).

27128 MYqAats ARl el IRF1S Al€lskhar 417l A
o A= =A Hewa, A HFe = fARSHAL WERR
IRF1& FrollA 1 sl d =7t 713 =2 Heputth. a9 F42 FolA

= oSelq Mele] wolsl SEFA 8 AnHA FHAA Y =
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Immune related protein Tissue ACrt value

Kidney 7.94
IRF1 Liver 8.66
Spleen 6.24
Kidney 8.65
IRF2 Liver 7.63
Spleen 7.21
. Interferon . il ) 9.09

induced protein .
IRF7 Liver 6.64

(ISGs)

Spleen 7.23
Kidney (/%29
Mx protein Liver % 30
Spleen o2
Kidney el |
Viperin Liver 5.90
Spleen 513
Kidney 14.95

Inflammatory . r
. Interleukin:8 Liver 15.48

protein

Spleen 12.82

Table 6. ACr values of immune related proteins of S.sherzeri

in Basal levels.
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N RF1

18
IRF2
16 N IRF7
- B [ Mx protein
14 3 Viperin
o : : E IL-8 like protein
2 :
©
>
10
il
o
8
m —
=
o 6
o
4
2
0

Kidney Liver Spleen

Fig 7. Basal expression lévels. of immune related proteins in different

tissues of S.sherzeri.
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5-2. &7ke] AR AA BE B
5-2-1. IRF1

PGIV-1 <19 74 & 144 ol A3 ¥} el tiza 2ot IRF1e] %
dol 2w Folme WS milou 10947 Ak odAlel Hlsf o
2725 Are dAs S As #EE 5 AUk

ol M= 02 Aol el nls] <1l S 149} 4o HAF 57t
stohzh 1024 ol Lt go]l 0dAE T 45u = A8 F7he v (Fig
8).

5-2-2. IRF2

A7, v Zhell A BE 19 7 1Al diz=wt o] Zlol Hls] IRF2
of @ gl ukA JERS T gl A = 919 T 19 A o] IRF29] A
o] ZrxstA e, olEld dde 4UANA FALS Fo 2 FAFHUI}
10940l = o Haste AdE BAg. Il A8z vgel s QY
494 thAl FrbetE Aol e
FTEHOE 10YA Hardtes A
= Btk IRF29] A-¢ 2 @a o] 57k 497F Yehs ARt &5 o

2 0dAEY w2 ¥l As #F & = dAT(Fig 9).

_—

(o3

5-2-3. IRF7

IRF79] A5 7Haet F7e) side] IRF29 w9 FAFSHA YEld 3S
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5-2-6. JEHF 8

AE T 8 AAI WA FAF See] BAHYE, A9 2
1AAANA 4AARA Fastes FUE weltht 109Ae)E 1 ol 7
2 Qg AL 1007, Mg E gz FAs Frhets e ny
oowhd el AE 1QHAA W e M) 9T 404, 106

[..‘8{_:
o
o
o|N
N
Ol
ol
rlr
)

As = 7 Ao o= EF 0dA] HdE By
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IRF1

o (a) Kidney
8 [ control ] o}
lg HEN PGIV-1

4.0 -
% 3.0 -
% 2.0 - - 3k B b

a T

g a i
R 10] =

0.0

0 1 4 10
(b) Liver

5.0 *C
8 [/ Control
. I PGIV-1

4.0 -
E 50 - *b *b
% 2.0 -

a T

g - -
"E 1.0 = .

0.0

0 1 a4 10

Fig 8. Continued.
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(c) Spleen

3.0 1
c [/ Control
o EEE PGIV-1
(7} *C
g
Q- 2.0
o
2 b
QEJ 1.0 1 T *a T
2 =
®
Q
14

0.0

0 4 10
DAY

Fig 8. Relative expressions (meantSD) of IRF1 by i.p injection of

PGIV-1. Columns with asterisk indicate significant differences between
control and PGIV=1 injected group (P <0.05). Columns with different
letters(a, b, “c) are significant differences among the - different time
points (P <0.05):
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IRF2

o (a) Kidney
% — o
% b b
g 1.0 L T +
E =
2
5
&

0.0

0 1 4 10

o - (b) Liver
5 —rit
g C

1.0 1 T

b b

2 :
®
:

0.0

0 1 4 10

Fig 9. Continued.
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(¢) Spleen

2.0

[ Control
I PGIV-1

I .

8
X a

10{ —= *

T * a

2
3
o

0.0

0 1 4 10

DAY

Fig 9. Relative expressions (mean+SD) of IRF2 by i.p injection of
PGIV-1. Columns with asterisk indicate significant differences between
control and PGIV-1 injected group (P <0.05). Columns with different
letters(a, b, .c, d) are significant differences among the different time
points (P <0.05).
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IRFK7

o (a) Kidney
z vt
) b T -

1.0 - T *ab

*ab

s
;

0.0

0 1 4 10

o (b) Liver
g =
¢
5 c
g 1.0

T
£ b
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g
'ﬁ a

0.0

0 1 4 10

Fig 10. Continued.
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(¢) Spleen

2.0 1

[ Control
N PGIV-1

1.0 A

*a

Relative mMRNA expression
_|
_|
)
_|
.|

0.0

DAY

Fig 10. Relative expressions (mean*SD) of IRF7 by i.p injection of
PGIV-1. Columns with asterisk indicate significant differences between
control and PGIV-1 injected group (P <0.05). Columns with different
letters(a, b, c¢) are significant differences among the different time
points (P <0.05).
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Mx protein

(a) Kidney

3.0 7

8 [ Control
. I PGIV-1
g 2.0 1 T b
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0 4 10
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¢
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« J
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0 4 10

Fig 11. Continued.
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(¢) Spleen

2.0 -
c [ Control
o BN PGIV-1
:
5 c

1.0 1 T

* b T
*a *a

o
2
E -
[J]
14

0.0

(1} 1 4 10
DAY

Fig 11. Relative expressions (mean+SD) of Mx protein by i.p injection
of PGIV-1. Columns with asterisk indicate significant |differences
between control and PGIV-1 injected group (P <0.05). Columns with
different letters(a, b, c) are“significant differences among the different
time points (P <0.05).
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Viperin

(a) Kidney
[ Control
B PGIV-1
b ” *ab
— ab
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0 1 4 10
(b) Liver b
E—1J Control
EEE PGIV-1
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T * a
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— |
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Fig 12, Continued.
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(¢c) Spleen

2.0 -

.8 [ control
N PGIV-1
d
*C
1.0 1 -
T b

% : ’

0.0

() 1 4 10

DAY

Fig 12. Relative expressions (mean®SD) of viperin by i.p. injection of
PGIV-1. Columns with asterisk indicate significant differences between
control and PGIV-1 injected group (£ <0.05). Columns with different

letters(a, b, ¢) are significant differences among the different time
points (P <0.05).
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IL.-8

(a) Kidney
12.0 1 [ Control
8 BN PGIV-1 *C
‘B 10.0 -
g 8.0 -
()
6.0 -
.
g 4.0 - A4
g 2.0 - a . a
L Cul R
0 1 4 10
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% —E
S b 3
< T |
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Fig 13. Continued.

_49_



9.0
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0 8.0
g 7.0
|9
Q- 6.0
(]
5.0
% 4.0
3.0
g
.‘E 2.0
E’ 1.0
0.0
Fig 13.

PGIV-1.

(c) Spleen

[ Control =d
I PGIV-1

DAY

Relative expressions (mean®SD) of IL-8 by i.p injection of

Columns with asterisk indicate significant differences between

control and PGIV-1 injected group (P <0.05). Columns with different

letters(a,

b, “c, d) are significant differences among the different time

points (P <0.05).
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ISKNV= 19949} 1999 &= Afolol] RIWH 3] W3] Al Zbste] (Wu et
al, 1997; He et al., 1998; Zhang and Li, 1999; Fang et al., 2000) & A}
74 9] mandarin fish Siniperca chuatsi 9520 Alzbsl ds1E A
o 7] QelAoltl. Megalocytivirusoll £3l= ISKNVE S50 ¥ $7}
FHAE W ooty A gad Ui JFS-d ] wiEe 35
oje} wo]E EEe tpge ofF oA HAEIT Uk (Jeong et al,
2008; Fu et al, 2011).

AT BHLARE S5 s gt itk =2 489S
A2 9+ ISKNV strain T oAl & Fekujel A Z2l¥ PGIV-1& o] &
stol  T=rol A ISKNVe] el eJgk 937t AzseA devs
mandarin fish Siniperca chuatsi®} &9 s+ family Percichthyidae®| <3}
= SEuEte] dEEd E5oEQd 272l Sinperca scherzeriol A$
FAA 2 2 Thedoll-de) gelstarAt skith EE wvholg s 2
ol oaf AdstE = vt o] WAl g HRE A7) 5
27k ol A 23 5= [FN-induced genes(ISGs)9F 7] 9 Z5ukg o] 3o

r_{xi

N
-

f

b

st JIEF71 8-like protein ¢ WMAFHAAE S=2ste] @l d A
9S ¥43% H, mandarin fish S.cuatsi® A3 ¥R, #7449 F= 4
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A UGA HE gRE dabels] ARste] 95 oyl 100% A7}
G A 9 @ 4 ol ISKNVe 9] pradde] A%

zebrafish Danio rerio®t spotted green puffer fish Tetraodon

rr

nigroviridisE W o= A" v} 9ty 1 23} zebrafisholl A7t 474
ol YElEA 7 99U Al 100% HAFZF YERS TR AL B a1E o] X
I (Zu et al, 2008 ), ol¢t= €] spotted green puffer fishell A= 74
4 Aol Bl A o] mulole 2~ H o] thEA QD S o] R HAE
7F AFEA O 14dA el BEA MER Fole= Flo] #EEHIIA
A= A Ve egthal B 1 E T Zu efal.,2010). Rock bream
Oplegnathus fasciatus® 735 2 AFoA ALE% Hpolg] 9} U3
oo A Rl sk ISKNV-like virusel PGIV-1 & 91$] 7977
A9 A 9L AN HAE Bl GT] AlEfeke] ek HEir o] & Abol
of 100% #AL7F #FE A2 27 e (Jeong et al, 2008). 1 &
Ag mlolg 29l PGIV=lel a9 & o B-% #HAE 108 A5+
B Uet7 Al EReke] 100%. HARZER] 9 A =7E A e Flvhal Wy
=t (Jeong et al, 2008), ¢l &7t oA ek = HALS] 83 {AL
3 Aoz Folxuh. g ez [SKNV-like virusol] 919 74+
of & sl EHo|A yelhs #ARE T &7 oA UElYE HAL
5 Hugdls W F Fn Y HAES P fAREE As o
th PGIV-1o] &2l & FehvuolA Y= #HAbE 3 HAAE A2

& o] g FALSE Ao 2 Hol ojgkulo]# o] &
Fol g A SASE7F 3 et &7 FARgE Ao®

2

Flr

N
3
>

T7

-

ol FAE =4 A0 s PGIV-19 795 o] HAE JEld 2
7te] AFzA ] wg R FA 8 A sl ZhzF 100ug fish !, 10pg fish™,
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lug fish' o v=2 87 FAstm, a5d2 27tedA vehts b
Abg Wts #Est sl 3k th
o} A & PGIV-1ol g9 A%
Hla 10pg 159 45
100% ¥ Abel =gdls SRl Agt 2ol & Hol
2 1ugel B FArE 2FS A BE 2FdA 100% HAM7E e
Wk 7hg Ae ko] PGIV-1 @ x4 o] U9 lug fish ' 2FoIAM =
PBS1&5 3 SYatA 30 olde] & wi7hA] obf-d HAME yUEhA] &
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U+ interferon-induced genes(ISGs)dll 2Jsk 7o} th 4 o] tH(Eloi R et
al, 2011). EA < ISGsol = JAHALE S ZHE #AA 8= 9
interferon regulatory factors(IRFs), IFN2] =}=ro <o]&] AL oA ]
= & vhels A4 el viperindt Mx protein & o] Atk o# g
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HAE Q9 #ZAAZIA, A A wE 229 IRFsIRF1, IRF2

IRF7), Mx protein, viperin, 18 %71 8¢ W& TAFIS =43

W2 &7t w3 WIS AxE F2Y 37] 93] mandarin fish
S.chuatsi®] ORFH#° 2 5¥ degenerated 2z}o]HE A Zsle] PCR

F, 971ALS BARAG 914D BAS ANE dn 2otel

o|N
el

A yUehd d9 /2 IRF1 267bp, IRF2 579bp, IRF7 831bp, Mx
protein 201bp, Beta-actin 486bp2] & A7 LS A5 & At 9
o AYFHAY AZINIEFE ofn| AN E Mg 5 FEE e
zfol 5 gelstr] flefl 27t ¢ A3} mandari fishe] ofr]=4t A
Hlaskieh 1 Ay 27t o vk d 5 = [RFI+ mandarin fish
o U B = IRF19 015871608 A, 176/ & o} v] =4ty AFo] 7} Wi,
IRF2+ mandarin fish®] 176 A, 23731 A1 8] olw] =it A E3} 2fo] & H
Kok SRS HAfda SolA 27N 7 B2 Akel7F dEd
IRF7 mandarin fish®] 35739% %], 211: 4, 3007305 A o} n] =4kA &
ol A =}o]7} vEEH.Mx protein®] “d-$- mandarin fish®] 545 %] 2]
ofu| w=Ako]l Z7bEloM = akAlE Ae HEEE =9, 77 547, 577,
6087609 A o} = Akd xfo] & H.Gltt
A#ZA o2 IRF1, IRF2, IRF7, Mx protein “L2] 3 viperin® o}u] =4}
ML HuE F3f B ATelA drex 2rteelA st Wi
2kl H-E cDNAS] 9714 499] mandarin fisholl Al Z&EE= Ay Fi&
Ao Aol7F vEtve As FQ & & AT 1Y mandarin fish
o 2 7te] Apelell A yetu = zbo] i oyl G E ofFoll A WY =
A= ASTA A4S s7] A 27t EdsHE W
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g Al Eoh
27Ve] S.scherzeridl Xl YElUYE WY FHALe] A 5EAS 171

e WA a7pglo] W= IRF1, IRF2, IRF7, Mx protein, viperin,

S|
~

M
ot

AEF21 89 basal expression levelS <1t A3y} IRF2, IRF7, Mx
protein, vipering Ao Ao WA A =7} b =4 vebyka, wrd <l
B %71 8% IRF1& 7relAl 2 wd A% =4 ey 281 27)
FEREEol st B F2 89 ko] ISGsk v de3s] @Wo] s

Atk AMES &Rl & 5 U 8 RE ofye} o] EnfolE s FY
T AT mE Mg A s AT A T E 4L
I, A3 vl = 10840 L dEFol STkt As g & ¢
ANIL, 109740l A7) Bl EdE &> 0L2Ael Hisl 22 104
oF 8 = 7k e &9 & = QUG Hk el e 424 St

g Fol 10€A7HA FAEHE FEHE BoH, 54% Sl B o
A Fdtt, o) ¢ o] Rrt oA BEE QIEFI 89 FAF T
viral haemorrhagic septicemai virus(VHS)®l 73 % olive flounderol 4]
= FAReHA e gle 2 Haus 3 ltH(Avunje et al, 2011). {1E]
F7 82 EfFolA UERtE chemokinessol Al H 22 HAHE Zo
o Zurs T2 o]Fol st (Baggiolini et al, 1989), 7
AAFAY Ao gt TFT9 olEA e 9T

H %3 o (Huising et al, 2003; Stakauskas et al., 2007). 74 =]+

mug
L2

Hu
9,
>
1
rE o{x
e
i
K

Z o A= rainbow trout®} catfish(Laing et al., 2002; Chen et al, 2005)

2
X
I

E4o] tHE v A= IHFI 8 A4S AxolM= 1
dol FH9H FAEA FAIRE TNF-q, 9telgjo}, vlolel~ 5 o8 F
ol A=l sl 2 wkgol wig- FASA eyl wZel 1071004
A 2 FA Zelzh v Edttal ®aisal gtk (Nevien et al, 2009).
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Kimura et al, 1994). ©o]& w5 & wj 27lg]oA IRF19 W&o =
A Uebd @42 Az owm rleolga el kA ow Wolstr] ¢
3 JAEF2 89 & SAHAALRE ST/ FEAEo] YEY AR
A€ot IRF29F IRF79] 49 wrdste ol fAstA ey
IRF2¢} IRF7 5 ol A= SHA S/ #zed 5 gldA
o1, 49, 104 Aol A &EHow dEEE S #F 5 A
dkA o & JRF2E IFNs 3 ISGsE @A strl7]= IRF1¥ Wi = 2
S gAstE 2gAES = Aoz dd A dvh(Baojian et al., 2006).
g E A7bgo] wpolgls FYA B Fo] SAH o r F7ME IRFI
= A2 4%
gl o8 vepd A 2eAlg@ ok wtd IRF79) A9 zebrafishe}
orange-spotted grouper®ll Al 1 W& sFo] 247k wlolY A £ ¢ 3UA
Z7Hidt . Haw R W (Xiang et al, 2010; Cui et al., 2010), &7}
oXe E43A SR 8lol ASAeE Hdst=s A/ v &
ATt Viperin®] & e IRF1% w9 fFAsHA e 104 Aol
EE 2HA w8z T Fo| S, 53l A= 04 A
s ¢ ot IRF13 w371
2 A vdel A 04 oiule] Hd e S eI o,
FolAtt. Viperin®} IRF19]
AFSE HE FAFE HEFEo|A vipering & o] IRF1¢ 2dS #x3
A 7 (Stirnweiss., 2010)= v Fo] gk 2l
27rele] & wpolgl 2 Wor| A= YEhgs Ao® Als e #
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IRF1, ¢1E|F71 8, viperin¥+ @ Mx protein®] A-$ 2133 7ro A 4
AAHE F7FE HolwA 28t Fdo] 104474 FAHE AS &
ZE & 4 oAk ey B = 19 A wrd o] FU1Ekr] Al E

ato] AAAAA FAEHE7F 10940 Hashs Fde Bt =R

on THFALE wolyx EE poly(TC)E FUg FAN Foig 57
o 5] Mx protein®] isoform%Jolx &Eshal = 2=

A YeEtdogz BaxE It (Tafallaet al, 2007, Fernandez—Trujillo
et al, 2011). ¥ AFoA B = Mx prtoeind 4$o = Z2HEZ 23
He Yol HEA HEd Ao HFo B uw R7igdx dHH
Mx protein® isoform®] 3ol ek A7t Fr12 o w2 FAQEtta Af
SR2R=

AEA oz aztedlolg ol FYALLHE =W T4} F
Al IRF1, 1H 721 8 viperin®] oAl oM g A= o8 s

e st= SAbo] FAFSHA UERREAL,  Mx protein®] A§ 1 @E o]

WH S sl 24T Hzo ATE B ATolA AAF mrbele
W faA o] @ A ok LeAA g srke WA
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V. 8%

Family Iridovoridae, genus megalocytiirus®l] 43+ infectious
necrosis virus(ISKNV)+= =9 mandarin fishol|lA] @Alste] 4 74sk
e Yol dAAE AAL ofF
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30
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gourami Tricogaster leeri A A =& ISKNV-like virus’} Hx= &
2] ¥ A 3L, rock bream' Oplegnathus fasciatus °ll 49l W7+ 23 o A
a2 BAA o] Agolol R FAIETHE Aol WE

olof F=9}. mandarin fish “Siniperca chuatsi®t 543t Percichthyidae
family el $-2uvfele] 27t glo] pearl gouramiolA]l &8 ® ISKNV-like
virus¢! PGIV-1& Sl A AAA HAAE -detve=A glsk8l L,

sttt AR PGIV-1e A9 A7l 2FolMs dwkee] I
o A AR E A7 mad dAde e A%e nglol) A%
o= BE IFA 100% F|AM7F Ve Th 1ug fish! o &

FGA a5 hETAAE 3090 AR AL et s
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Mandarin fish®] 97 =Fo] A degenerated Zeto]HE A #ste] 2
7t A Tt Y {fAAE F29 3l madarin fishe}e] ofv]
Ab At Blagk A3k 92Y opuAbol A xpo] S HAAINE A A o w
FrAFeHAl GRS
PGIV-1 <191 < ¥ 0, 1, 4, 104 Al veEbvbs Hqf7zte]
A W ge AESH7] 94l real-time PCRE A A3 th o Foll A el
224 &2 9l interferon-induced genes(ISGs)< oA IRFI,
IRF2, IRF7, Mx protein, viperin¥} Q18 F71 89 W& &S PGIV-1 219
49 5 470, 1, 41047 SA-SA 0D AL EAF} v aa) A
104 Aol QlEF71 8 10H], IRF1& 254, viperino| A1+=35 A =7} <
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